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COVID Vaccines: 
How did you get here?
Sarah Nurre Pinkley, PhD (Industrial Engineering)
David Dobrzykowski, PhD (Walton College of Business)
So, what is our agenda today?
• What is Supply Chain Management?
• What does the vaccine supply chain look like?
• How are key processes in the vaccine supply chain executed?
– New Product Development 
– Manufacturing flow management 
– Order fulfillment and vaccine distribution  
• Cold Supply Chain Overview
• Challenges in LIC and LMIC
• Current Drone Delivery Capabilities
• Impacts from COVID and Drone Delivery of COVAX
WHAT IS SUPPLY CHAIN 
MANAGEMENT?
What is a supply chain?
 A value chain is a discrete, sequential value 
creation system? (Porter)
Supplier Focal Firm Customer
What is a supply chain?
Supply Chain of a Typical OEM
What is Operations and Supply Chain 
Management?
• Operations and supply management (OSM): the 
design, operation, and improvement of the systems 
that create and deliver the firm’s primary products 
and  services
– Functional field of business
– Academic area of study
• Concerned with the management of the entire 
system that produces a good or delivers a service
What is Operations and Supply Chain 
Management?
• Operations and supply management (OSM): the 
design, operation, and improvement of the systems 
that create and deliver the firm’s primary products 
and  services
– Functional field of business
– Academic area of study
• SCM is coordination of information, materials,                   
and financial exchanges 
How can I track all of this activity?
Lambert & Cooper 
Supply Chain Network Structure & Process Links
WHAT DOES THE VACCINE SUPPLY 
CHAIN LOOK LIKE?
Vaccine Supply Chain Network Structure 
WHAT ARE SOME KEY VACCINE SUPPLY 
CHAIN PROCESSES AND HOW HAVE 
THEY BEEN MANAGED?  
Supply Chain Business Processes






Vaccine Supply Chain Network Structure 
EARLY CHALLENGE: 
NEW PRODUCT DEVELOPMENT
Stage Gate or Waterfall NPD Process
Vaccine Development (NPD)
Credit: José R. Romero MD, Arkansas Secretary of Health, 
Chair – CDC Advisory Committee on Immunization Practices  
Vaccine Development (NPD)
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Krammer F.Nature. 2020 Sep 23. doi: 10.1038/s41586-020-2798-3. PMID: 32967006
Vaccine Development (NPD)
Credit: José R. Romero MD, Arkansas Secretary of Health, 
Chair – CDC Advisory Committee on Immunization Practices  
If it takes 15 years to develop a drug, how did this happen?
COVID-19 Vaccine Timeline: Early Stages
• Jan. 7, 2020 – Novel coronavirus identified
• Jan. 12, 2020 – Designated 2019-nCoV, viral genome shared with WHO
• Jan. 13, 2020 – SARS-CoV-2 spike protein gene construct designed
• Mar. 16, 2020 – Human subjects dosed with SARS-CoV-2 vaccines 
• Dec. 19, 2020 – FDA approves first COVID-19 vaccine
• Dec. 21, 2020 – Vaccination in the US begins
Vaccine Development (NPD)
Credit: José R. Romero MD, Arkansas Secretary of Health, 
Chair – CDC Advisory Committee on Immunization Practices  
Krammer F.Nature. 2020 Sep 23. doi: 10.1038/s41586-020-2798-3. PMID: 32967006

A Relevant Example of Agile Project Mgmt
JANUARY-FEBRUARY 2021 CHALLENGE: 
MANUFACTURING ENOUGH VACCINE
Manufacturing & Order Fulfillment
Manufacturing & Order Fulfillment
Manufacturing & Order Fulfillment
https://jeres.co.uk/blog/f/cooperation-collaboration-coopetition
Manufacturing & Order Fulfillment
(Zacharia et al., IJLM 2019)
Manufacturing & Order Fulfillment
https://fourweekmba.com/coopetition/
MARCH-APRIL 2021 CHALLENGE: 
ORDER FULFILLMENT – VACCINE 
ADMINISTRATION 
Consider the Vaccine as a Product?
Product-Process Matrix for Processes
SO, WHAT IS ON THE HORIZON?
COVID Vaccines
United States:










COLD SUPPLY CHAIN 
OVERVIEW
The vaccine and medical supply supply chains in low- and middle-income countries often 
have similar structure.
Supplied from Expanded 
Programme on Immunization (EPI)
Quarterly – Every 3 months
Cold Room
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• 1,270,000 km2 (490,000 sq mi)
• Largest country in West Africa
• 80% in the Sahara Desert
• 2012 Census – 17,138,707
• 2021 Estimate – 24,112,753
Niger
• 1 Central Store
• 8 Regional Stores
• 44 District Stores








Only ~25% of the population are 














Route from supply station to health center 
Delivery by road ~ 3 hours















• Battery-based drones = less maintenance cost.
• They handle both urgent and scheduled requests, depends on the type of facility. 
• Failed flights is close to 0.1% .
• Sophisticated operations
• Order arrives  light shines above a specific drone (zip) indicating which to use 
• Behind the scenes is optimization where they efficiently use batteries so older batteries fly 
short trips. 
• He said they have sophisticated systems that report on the flight like Boeing would for an 
aircraft in terms of vibration, etc. 
• They build their own batteries and have battery management systems that cool batteries 
and the rechargers have built in coolers. 
• They do their own inventory optimization up stream for their delivery partners to ensure 
that when something is needed that they have it at the hub to be able to ship out. 




Strategic and Operational Decisions
• Where to locate drone hubs?
– With existing facilities or stand alone?
– How close for replenishment from central store or directly?
– Security, electricity, terrain, not near airports
– Coverage of health centers and communities
– If multiple hubs, do they have overlapping service areas?
HubMedical Facility Average maximum flight area: radius ~ 50 miles









• How many drones should we allocate to each hub?
– Should we move the drones/batteries/resources over time between 
hubs?
– What kind of drones – range?
• What should the cold chain capabilities be at each hub?
• Where should we establish outreach to different communities?
• How do we know the demand for vaccines in an area?
– Uncertainty due to migrant populations, willingness, accessibility, etc..
Interactive Map
IMPACTS FROM COVID
Total Cases per 100 pop.
Total Deaths per 100 pop.
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